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ñLook and you will find it ï

what is unsought will go 

undetected.ò - Sophocles



ÅSpacecraft like the Mars Reconnaissance Orbiter (MRO) scan the entire surface of Mars every few days at high resolution

ÅYet only a handful of pre-selected images per day can be sent back to Earth due to limited communications bandwidth

ÅTransient science (active surface change) is rarely capturedé canôt know where/when it will be to request image
Å Fresh Impacts, rockfall, dust devils, araneiforms, active gulleys, recurring slope linea, active transverse aeolian ridges, dust uplift events, etc.

ÅConventional change detection requires a before and after picture for differencing

ÅGlobal case would need the whole planet stored onboard as pixels for comparisoné would take 400 TB of onboard storage!

Å Innovation: Use (2) onboard science autonomy capabilities to globally capture & monitor high-impact transient science targets

1) Store highly summarized representations of surface (rather than raw pixels) onboard and identify change in summary
Å Agnostic to expectation, can find new kinds of change at many spatial scales

2) Directly recognize known kinds of active/recent transient events in still images
Å Identify, map, and return cutouts of hi-res data only around targets of interest

ÅOutcome: Demonstrated utility of system via ñMission into the dataò and discovered ~100 new, previously unknown fresh 

impacts in the existing MRO CTX image collection

Scientist requests

COSMIC report

Few big images / day

IŜǊŜΩǎ ǿƘŀǘ ŎƘŀƴƎŜŘ ƻƴ aŀǊǎ ǘƻŘŀȅΦ
Would you like to downlink?

+

(today)

(tomorrow)

(all images here courtesy of NASA)



For a single 17-day MRO repeat cycle

Single global mosaic of Mars ~400 TB (~2 Gbps)

Downlink possible ~0.3 TB (~1.5 Mbps)

(courtesy Valentin Bickel)

Fresh Rockfall Why transient science matters?
Å Seismic activity
Å Regolith geomechanical properties
Å Active aeolian processes / wind characterization
Å Replenishment / transport of atmospheric dust
Å Subsurface composition
Å Modern planetary bombardment rate
Å CO2 & water ice transport via sublimination and melting
Å Dry vs. wet erosive processes
Å Broader implications for planetary chronology

Dust Uplift Event

Swiss Cheese Terrain

Recurring slope Lineae

Araneiforms

Fresh Impacts

Active Gullies

Active Dust Devils

(all Mars images courtesy NASA/JPL)

State of Art: Exhausting Manual Search
Missed findings, unscalable human effort

Direct change detection on Earth? Simple!
ÅAlign two images pixel-for-pixel
ÅDifference them
Å[ƻƻƪ ŦƻǊ ŎƘŀƴƎŜΧ ǾƻƛƭŀΗ

Planetary Change Detection? Hard.
Å/ŀƴΩǘ ǎŜƴŘ ōŀŎƪ ǿƘƻƭŜ ǇƭŀƴŜǘΩǎ ƛƳŀƎŜǎ
ÅEspecially repeatedly via overpasses
Å/ŀƴΩǘ ǎǘƻǊŜ ǿƘƻƭŜ ǇƭŀƴŜǘ ƻƴōƻŀǊŘ
ÅIŜƴŎŜΣ ŘƛǊŜŎǘ ŎƘŀƴƎŜ ŘŜǘŜŎǘƛƻƴ ǿƻƴΩǘ ǿƻǊƪ
ÅHow to recognize, capture, and characterize 

global Martian change?

Before After Change (diff)

Dust Devil Tracks

(courtesy VaneltinBickel)

(courtesy Wikipedia)
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Innovative Concepts
ÅLeverage Upcoming Space Computing
ÅLeave camera on & process everything
ÅTrustable science autonomy
ÅStore content-based summarizations
ÅPerform change detection between summaries
ÅCan now trade onboard compute for bandwidth!
ÅMany kinds of change can be captured
ÅCamera + compute + COSMIC is new smart instrument!

Scientists in Control
ÅScientists reconfigure COSMIC on-the-fly
ÅCOSMIC sends reports on global change
ÅScientists more informedto react:

ÅRequest targeting of observed change?
ÅRequest tiny snapshots already waiting?
ÅRequest high-res monitoring of a site?

ÅMiss a comm pass? COSMIC keeps working.
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